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ABSTRACT
The Rayleigh-Stokes problem for a generalized second grade fluid subject
to a flow on a heated flat plate and within a heated edge is investigated.
Fractional calculus is used for description of such a viscoelastic fluid. We
employ the Adomian decomposition method to construct an approximate
solution. Some examples are presented to show the efficiency and simplicity
of the method.
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1. INTRODUCTION
As the Rayleigh-Stokes problem for an edge, the first problem of Stokes for the
flat plate has received much attention because of its practical importance [1-3].
This unsteady flow problem examines the diffusion of vorticity in a half-space
filled with a viscous incompressible fluid that is set to motion when an infinite
*This research has been supported by the Australian Research Council grants DP0559807 and
DP0986766,  and the National Natural Science Foundation of China grant 10271098.
*Corresponding author: Email address; f.liu@qut.edu.au (F. Liu) or fwliu@xmu.edu.cn
flat plate suddenly assumes a constant velocity parallel to itself from rest. By
means of the similarity by transformation of variables, the exact solution
corresponding to a Newtonian fluid was obtained in an elegant form by Stokes.
But for a second grade fluid, a strict similarity solution does not exist[4].
Furthermore, the equation of motion for such a fluid is of higher order than the
Navier-Stokes equation and thus, in general, one needs conditions in addition to
the usual adherence boundary condition. Rajagopal [5,6] initiated an
investigation of this problem and gave a few exact solutions [7].
The determination of the temperature distribution within a fluid when the
internal friction is not negligible is of importance. The thermal convection of a
second grade fluid subject to some unidirectional flows was studied by Bandelli
and Rajagopal [8]. Recently, Fetecau [9]extended the Rayleigh-Stokes problem
to that for a heated second grade fluids. It is not feasible to suggest a single
model which exhibits all properties of viscoelastic fluids. For this reason many
models of constitutive equations have been proposed. Recently fractional
calculus has achieved much success in the description of viscoelasticity. The
starting point of the fractional derivative model of viscoelastic fluid is usually
a classical differential equation which is modified by replacing the time
derivative of an integer order by the Riemann-Liouville fractional derivative.
Bagley [10], Friedrich [11] and Tan [12] introduced the fractional calculus
approach into various rheology problems. Shen et al. [13] investigated the
Rayleigh-Stokes problem for a heated generalized second grade fluid with
fractional derivative model. Exact solutions of the velocity and temperature
fields were obtained using the Fourier transform and the fractional Laplace
transform, but the real values of the exact solutions are difficult to compute.
It is usually difficult to solve a fractional partial differential equation. Some
different numerical methods for solving the space, or time, or space-time
fractional PDEs have been proposed. Liu et al. [14] transformed a space
fractional PDE into a system of ordinary differential equations that was then
solved using backward differentiation formulas. Meerschaert et al. [15]
examined finite difference approximations for fractional advection-dispersion
flow equations. Zhuang and Liu [16] analyzed an implicit difference
approximation for the time fractional diffusion equation. Liu et al. [17]
proposed an effective numerical method for the space-time fractional
advection-diffusion equation. The Adomian decomposition method has also
been used to solve fractional diffusion-wave equation (Al-Khaled and Momani
[18]), systems of fractional differential equations  (Momani and Al-Khaled
[19]), fractional heat-like and wave-like equations with variable coefficients
(Momani [20]).
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In this paper we employ the Adomian decomposition method to solve the
Rayleigh-Stokes problem for a heated generalized second grade fluid  (RSp-
hgsgf). This paper is organized as follows. Section 2 recaptures some basic
definitions and mathematical preliminaries of the fractional calculus which are
required for establishing our results. Section 3 describes the constitutive
equations. Section 4 consists of the main results of the paper,  in which the
Adomian decompositions of the RSp-hgsgf and the Stokes’ first problem for a
heated flat plate (Sfp-hfp) are developed. Finally, we present some examples to
show the efficiency and simplicity of the method.
2. SOME BASIC DEFINITIONS AND PROPERTIES
In this section, we give some basic definitions and properties of fractional
calculus which are used in this paper.
Definition 2.1 Let α ∈ + .The operator Jαt , defined on the usual Lebesgue
space L1[0,b] by [21]
is called the Riemann-Liouville fractional integral operator of order .
Definition 2.2 The Riemann-Liouville fractional derivative of f(t) is defined as
[21]
(1)
for 
The following properties of the operators Jαt and Dαt are detailed in [21]:
Lemma 2.1 If , then
1.Jαt J
β
t f(t) = J
α+β
t f(t),
2.Jαt J
β
t f(t) = J
β
t J
α
t f(t),
3.Jαt t
γ = Γ(γ+1)
Γ(α+γ+1)
tα+γ,
4.Dαt t
γ = Γ(γ+1)
Γ(γ−α+1)t
γ−α.
f ∈ L1[0, b], α, β ≥ 0 and γ > −1
m− 1 < α ≤ m,m ∈ N, t > 0.
Dαt f(t) =
1
Γ(m− α)
dm
dtm
t∫
0
(t− τ)m−α−1f(τ)dτ
Jαt f(t) =
1
Γ(α)
∫ t
0(t− τ)α−1f(τ)dτ, α > 0,
J0t f(t) = f(t),
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Lemma 2.2 For constant C, we have 
Lemma 2.3 If 
3. CONSTITUTIVE EQUATIONS
For a second grade fluid, the extra stress tensor T is given by the constitutive
equation [22]:
(2)
where T is the Cauchy stress tensor, p is the hydrostatic pressure, I is the
identity tensor, α1 and α2 are normal stress moduli, and A1 and A2 are the
kinematic tensors defined through
(3)
(4)
where V is the velocity and grad the gradient operator. 
For the second grade fluid given by Eq.(2) to be compatible with
thermodynamics, the material moduli must meet the following restrictions [23]:
(5)
For a generalized second grade fluids, Eq.(2) still fits, but A2 should be defined
as [10,24]:
(6)A2 = Dβt A1 + A1(gradV ) + (gradV )TA1,
µ ≥ 0, α1 ≥ 0, α1 + α2 = 0.
A2 =
dA1
dt
+ A1(gradV ) + (gradV )
TA1,
A1 = gradV + (gradV )
T ,
T = −pI + µA1 + α1A2 + α2A21,
1.Dαt J
α
t f(t) = f(t),
2.Jαt D
α
t f(t) = f(t)−Dα−1t f(0+) t
α−1
Γ(α)
,
3.J1t D
1
t f(t) = f(t)− f(0+).
f ∈ L1[0, b] and 0 < α < 1, then
Dαt C =
Ct−α
Γ(1−α) , α ≥ 0.
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where, for 0 < β ≤ 1, Dβt is the Riemann-Liouville fractional derivative. For β = 1,
Eq.(6) is simplified to Eq. (4), and for α1 = 0 and β = 0, the constitutive relationship
describes complete viscous Newtonian fluid.
The equation of motion in the absence of forces can be described as:
(7)
where ρ is the density of the fluid. If the fluid is incompressible,  it can undergo
only isochoric motion and hence
(8)
4. ANALYSIS OF SFP-HFP USING THE ADOMIAN DECOMPOSITION METHOD
Suppose that a generalized second grade fluid, at rest, occupies the space above
an infinitely extended plate in the (y,z)-plane. At time t = 0+, the plane
suddenly moves in its plane with a constant velocity U. Let T0 denote the
temperature of the plate for t ≥ 0, and suppose that the temperature of the fluid
at the moment t = 0 is zero. By the influence of shear and of heat conduction
the fluid, above the plate, is gradually moved and heated. The velocity field will
be of the form
(9)
where u is the velocity in the y-direction and j denotes a unit vector along the
y-direction. And the temperature field is of the form θ = θ(x,t).
Substituting Eq.(9) into Eqs. (2), (3) and (6), we obtain the stress component
(10)
and the other stress components are zero. Inserting Eqs.(9) and (10) into (7)
yields
(11)∂u(x, t)
∂t
= (v + αDβt )
∂2u(x, t)
∂x2
,
Txy = Tyx = µ
∂u(x, t)
∂x
+ α1D
β
t
∂2u(x, t)
∂x2
,
V = u(x, t)j,
∇ · V = 0.
ρ
dV
dt
= ∇ · T,
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where v = µ/ρ, α = α1/ρ. When the Fourier law of heat conduction is
considered, the energy equation may be written in the form
(12)
where r(x, t) is the radiant heating, which is neglected in this paper, c is the
specific heat and k is the conductivity, which is assumed to be constant.
The corresponding initial conditions are
(13)
(14)
4.1Adomian decomposition of the velocity field
Eq. (11) can be written in the form
(15)
with . By applying the inverse operator to Eq. (15), we
get
(16)
The Adomian decomposition method [18-20] assumes a series solution for u(x, t)
given in terms of an infinite sum of components:
(17)
where the components un(x, t), n ≥ 0 will be determined in a recursive manner.
The convergence of the decomposition series has been investigated by several
authors [25,26]. Substituting (17) into both sides of (16) gives
(18)
∞∑
n=0
un(x, t) = u(x, 0
+) + J1t [(v + αD
β
t )D
2
x(
∞∑
n=0
un(x, t))].
u(x, t) =
∞∑
n=0
un(x, t),
u(x, t) = u(x, 0+) + J1t [(v + αD
β
t )D
2
xu(x, t)].
J1t of D
1
tD
2
x =
∂2
∂x2
.
D1t u(x, t) = (v + αD
β
t )D
2
xu(x, t), 0 ≤ x ≤ L, t ≥ 0, 0 < β ≤ 1,
θ(x, 0) = 0, x > 0.
u(x, 0) = p(x), x > 0,
∂θ(x, t)
∂t
=
k
cρ
∂2θ(x, t)
∂x2
+
v
c
[
∂u(x, t)
∂x
]2 +
r(x, t)
ρc
,
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Following the decomposition method, we introduce the recursive relations:
(19)
(20)
We then approximate the solution u(x, t) by the truncated series
(21)
The decomposition series solutions generally converge rapidly. The Adomian
decomposition method provides highly accurate numerical solutions without
discretization of the problem. It is evident that the overall errors can be made
smaller by adding new terms of the decomposition series.
4.2 Adomian decomposition of the temperature field
Eq. (12) is identical to the energy equation for a Newtonian fluid and a classical
second grade fluid. However, the temperature field given by Eq. (12) is
different from the Newtonian case and the classical second grade case because
the velocity distribution u(x, t) is different.
Eq. (12) can be written in terms of differential operators as
(22)
By applying the inverse operator to Eq. (22), we get
(23)
Similarly, we assume that a series solution for θ(x, t) is given by an infinite sum
of components:
(24)
where the components θn(x, t), n ≥ 0, will be determined in a recursive manner.
θ(x, t) =
∞∑
n=0
θn(x, t),
θ(x, t) = θ(x, 0+) + J1t [
k
cρ
D2xθ(x, t)] + J
1
t [
v
c
[Dxu(x, t)]
2].
J1t of D
1
t
D1t θ(x, t) =
k
cρ
D2xθ(x, t) +
v
c
[Dxu(x, t)]
2,
wN(x, t) =
N−1∑
n=0
un(x, t), lim
N→∞
wN(x, t) = u(x, t).
un+1(x, t) = J
1
t [(v + αD
β
t )D
2
xun(x, t)], n ≥ 0.
u0(x, t) = u(x, 0
+),
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Substituting (24) into both sides of (23) gives
(25)
Following the decomposition method, we introduce the recursive relations
(26)
(27)
Finally, we approximate the solution θ(x, t) by the truncated series
(28)
5. ANALYSIS OF RSP-HGSGF USING THE ADOMIAN DECOMPOSITION METHOD
Let us now consider a generalized second grade fluid at rest, which occupies the
space of the first dial of a rectangular edge .
At the moment t = 0+ the extended edge is impulsively brought to a constant
velocity U. The two walls of the edge will be maintained at the temperature T0.
The velocity field will be of the form
(29)
and the temperature field
(30)
Similar to Section 4, the balance of linear momentum and the energy equation
reduce to
(31)∂u(x, z, t)
∂t
= (v + αDβt )[
∂2
∂x2
+
∂2
∂z2
]u(x, z, t),
θ = θ(x, z, t).
V = u(x, z, t)j,
(x ≥ 0,−∞ < y < ∞, z ≥ 0)
wN(x, t) =
N−1∑
n=0
θn(x, t), lim
N→∞
wN(x, t) = θ(x, t).
θn+1(x, t) = J
1
t [
k
cρ
D2xθn(x, t)], n ≥ 0.
θ0(x, t) = θ(x, 0
+) + J1t [
v
c
[Dxu(x, t)]
2],
∞∑
n=0
θn(x, t) = θ(x, 0
+) + J1t [
k
cρ
D2x(
∞∑
n=0
θn(x, t))] + J
1
t [
v
c
[Dxu(x, t)]
2].
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and
(32)
where is a known function
as soon as the velocity field u(x, z, t) is prescribed, r(x, z, t) is the radiant
heating, which is neglected in this paper.
The corresponding initial conditions are
(33)
(34)
5.1 Adomian decomposition of the velocity field
Eq. (31) can be written in terms of differential operators as
(35)
where . By applying the inverse operator 
of to Eq. (35), we get
(36)
We assume that a series solution for u(x, z, t) is given by an infinite sum of
components: 
(37)
where the components un(x, z, t),n ≥ 0 will be determined in a recursive
manner.
Substituting (37) into both sides of (36) gives
(38)
∞∑
n=0
un(x, z, t) = u(x, z, 0
+) + J1t [(v + αD
β
t )(D
2
x + D
2
z)(
∞∑
n=0
un(x, z, t))].
u(x, z, t) =
∞∑
n=0
un(x, z, t),
u(x, z, t) = u(x, z, 0+) + J1t [(v + αD
β
t )(D
2
x + D
2
z)u(x, z, t)]
D1t
J1t0 ≤ x ≤ L, t ≥ 0, 0 < β ≤ 1
D1t u(x, z, t) = (v + αD
β
t )(D
2
x + D
2
z)u(x, z, t),
θ(x, z, 0) = 0, x > 0, z > 0.
u(x, z, 0) = q(x, z), x > 0, z > 0,
f(x, z, t) = [∂u(x, z, t)/∂x]2 + [∂u(x, z, t)/∂z]2
∂θ(x, z, t)
∂t
=
k
cρ
[
∂2θ(x, z, t)
∂x2
+
∂2θ(x, z, t)
∂z2
] +
v
c
f(x, z, t) +
r(x, z, t)
ρc
,
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Following the decomposition method, we introduce the recursive relations as
(39)
(40)
Finally, we approximate the solution u(x, z, t) by the truncated series
(41)
5.2 Adomian decomposition of the temperature field
Eq. (32) can be written as
(42)
By applying the inverse operator of to Eq. (42), we get
(43)
Again, we assume that a series solution for θ(x, z, t) is given by an infinite sum
of components:
(44)
where the components θn(x, z, t), n ≥ 0 will be determined in a recursive
manner. Substituting (44) into both sides of (43) gives
(45)
∞∑
n=0
θn(x, z, t)= θ(x, z, 0
+) + J1t [
k
cρ
(D2x + D
2
z)(
∞∑
n=0
θn(x, z, t))]
+ J1t [
v
c
f(x, z, t)].
θ(x, z, t) =
∞∑
n=0
θn(x, z, t),
θ(x, z, t) = θ(x, z, 0+) + J1t [
k
cρ
(D2x + D
2
z)θ(x, z, t)] + J
1
t [
v
c
f(x, z, t)].
D1tJ
1
t
D1t θ(x, z, t) =
k
cρ
(D2x + D
2
z)θ(x, z, t) +
v
c
f(x, z, t).
wN(x, z, t) =
N−1∑
n=0
un(x, z, t), lim
N→∞
wN(x, z, t) = u(x, z, t).
un+1(x, z, t) = J
1
t [(v + αD
β
t )(D
2
x + D
2
z)un(x, z, t)], n ≥ 0.
u0(x, z, t) = u(x, z, 0
+),
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We then introduce the recursive relations as
(46)
(47)
and approximate the solution θ(x, z, t) by the truncated series
(48)
6. NUMERICAL RESULTS
Example 1. The exact solutions of RSp-hgsgf are difficult to compute. In order
to show the efficiency and simplicity of the method, we consider the following
RSp-hgsgf with initial condition under the external force g(x, z, t):
(49)
(50)
where and the external
force 
The exact solution of this problem is , which can be
verified by direct fractional differentiation of the given solution, and
substituting in the fractional differential equation. The initial condition is
clearly satisfied.
For this problem we using the Adomian decomposition method, and from
Eqs. (39) and (40), we have
(51)
u(x, z, t)=u(x, z, 0+) + J1t [(1 + D
β
t )(D
2
x + D
2
z)u(x, z, t)]
+ J1t g(x, z, t),
u(x, z, t) = t2+βex+z
g(x, z, t) = (2 + β)t1+βex+z − Γ(3 + β)t2ex+z − 2t2+βex+z.
0 < β ≤ 1, 0 ≤ x ≤ 1, 0 ≤ z ≤ 1, t ≥ 0,
u(x, z, 0)= 0,
∂u(x, z, t)
∂t
=(1 + Dβt )(
∂2
∂x2
+
∂2
∂z2
)u(x, z, t) + g(x, z, t),
wN(x, z, t) =
N−1∑
n=0
θn(x, z, t), lim
N→∞
wN(x, z, t) = θ(x, z, t).
θn+1(x, z, t) = J
1
t [
k
cρ
(D2x + D
2
z)θn(x, z, t)], n ≥ 0,
θ0(x, z, t) = θ(x, z, 0
+) + J1t [
v
c
f(x, z, t)],
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(52)
(53)
When β = 0.5, in view of (39) and (40), then using Mathematica and Lemma
2.1-2.3 we have
In this manner the remaining components of the decomposition series can be
obtained. Then the solution in series form is given by
u0(x, z, t) = u(x, z, 0
+) + J1t g(x, z, t)
= t2.5ex+z − 1.10778t3ex+z − 0.571429t3.5ex+z,
u1(x, z, t) = J
1
t [(1 + D
0.5
t )(D
2
x + D
2
z)u0(x, z, t)]
= 1.10778t3ex+z − 0.571429t3.5ex+z − 1.10778t4ex+z
− 0.253968t4.5ex+z,
u2(x, z, t) = J
1
t [(1 + D
0.5
t )(D
2
x + D
2
z)u1(x, z, t)]
= 1.14286t3.5ex+z − 1.26984t4.5ex+z − 0.66467t5ex+z
− 0.0923521t5.5ex+z,
u3(x, z, t) = J
1
t [(1 + D
0.5
t )(D
2
x + D
2
z)u2(x, z, t)]
= 1.10778t4ex+z + 0.507937t4.5ex+z − 1.10778t5ex+z
− 1.01587t5.5ex+z − 0.295409t6ex+z − 0.028416t6.5ex+z,
u4(x, z, t) = J
1
t [(1 + D
0.5
t )(D
2
x + D
2
z)u3(x, z, t)]
= 1.01587t4.5ex+z + 0.886227t5ex+z − 0.738817t5.5ex+z
− 1.18164t6ex+z − 0.539905t6.5ex+z − 0.105503t7ex+z
− 0.00757761t7.5ex+z,
...
un+1(x, z, t)= J
1
t [(1 + D
β
t )(D
2
x + D
2
z)un(x, z, t)], n ≥ 0.
u0(x, z, t)=u(x, z, 0
+) + J1t g(x, z, t),
β
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When β = 0.5, z = 0.3 Figure 1 shows the approximate solution obtained by
applying the Adomian decomposition method and the exact solution of RSp-
hgsgf at time t = 0.2. It can be seen that the approximate solution is in excellent
agreement with the exact solution.
Figure 1. Comparison of the exact solution and the approximate solution at time t = 0.2
for β = 0.5, z = 0.3
Example 2. Consider the following Stokes’ first problem for a heated flat plate
(Sfp-hfp):
velocity field:
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0
0.005
0.01
0.015
distance x
u
(x,
z,t
)
exact solution
approximate solution
u(x, z, t) = u0(x, z, t) + u1(x, z, t) + u2(x, z, t) + u3(x, z, t) + u4(x, z, t) + · · ·
= t2.5ex+z − 0.886227t5ex+z − 1.84704t5.5ex+z − 1.47704t6ex+z
− 0.568321t6.5ex+z − 0.105503t7ex+z − 0.00757761t7.5ex+z + · · · .
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(54)
(55)
temperature field:
(56)
(57)
For the velocity field, from Eqs. (19) and (20), we get
In this manner the remainming components of the decomposition series can be
obtained. Then the solution in series form is given by
(58)
For the temperature field, in view of (26)(27)(58) and using Mathematica we
have
when β = 0.5:
θ(x, t) = θ0(x, t) + θ1(x, t) + θ2(x, t) + · · ·
= e2xt + 1.50451e2xt1.5 + 4.63662e2xt2 + 5.41622e2xt2.5 + 8.98059e2xt3
+ 8.23179e2xt3.5 + 7.37981e2xt4 + 5.20607e2xt4.5 + 3.14146e2xt5
+ 1.56312e2xt5.5 + 0.601805e2xt6 + 0.149632e2xt6.5 + 0.0190476e2xt7
+ · · · .
u(x, t)=u0(x, t) + u1(x, t) + u2(x, t) + · · ·
= [1 + t +
t1−β
Γ(2− β) +
t2
2
+
2t2−β
Γ(3− β) +
t2−2β
Γ(3− 2β) ]e
x + · · · .
u0(x, t) = u(x, 0
+) = ex,
u1(x, t) = J
1
t [(1 + D
β
t )D
2
xu0(x, t)] = [t +
t1−β
Γ(2−β) ]e
x,
u2(x, t) = J
1
t [(1 + D
β
t )D
2
xu1(x, t)] = [
t2
2
+ 2t
2−β
Γ(3−β) +
t2−2β
Γ(3−2β) ]e
x,
θ(x, 0)= 0.
∂θ(x, t)
∂t
=
∂2θ(x, t)
∂x2
+ [
∂u(x, t)
∂x
]2,
u(x, 0)= ex.
∂u(x, t)
∂t
=(1 + Dβt )
∂2u(x, t)
∂x2
, 0 ≤ x ≤ 1, t ≥ 0, 0 < β ≤ 1,
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when β = 0.6:
when β = 0.75:
At time t = 0.2, Figure 2 shows different approximate solutions of the velocity
field obtained by applying the Adomian decomposition method with different
β, and Figure 3 shows different approximate solutions of the temperature field
obtained by applying the Adomian decomposition method for β = 0.5, 0.6 and
0.75 respectively.
Example 3. Consider the following Rayleigh-Stokes problem for a heated
generalized second grade fluid (RSp-hgsgf):
velocity field:
(59)
(60)u(x, z, 0)= ex+z.
∂u(x, z, t)
∂t
=(1 + Dβt )(
∂2
∂x2
+
∂2
∂z2
)u(x, z, t),
0
0.2
0.4
0.6
0.8
1
0
0.2
0.4
0.6
0.8
1
1
2
3
4
5
6
7
8
9
10
xβ
u
(x
,t
=
0.
2)
θ(x, t) = θ0(x, t) + θ1(x, t) + θ2(x, t) + · · ·
= e2xt + 1.76522e2xt1.25 + 2.31596e2xt1.5 + 1.42274e2xt1.75
+ 3.63662e2xt2 + 5.68793e2xt2.25 + 6.16625e2xt2.5 + 3.51805e2xt2.75
+ 5.51549e2xt3 + 8.42629e2xt3.25 + 8.25982e2xt3.5 + 3.75259e2xt3.75
+ 3.09888e2xt4 + 4.7108e2xt4.25 + 3.5777e2xt4.5 + 1.30121e2xt4.75
+ 0.783333e2xt5 + 1.33884e2xt5.25 + 0.783955e2xt5.5 + 0.166667e2xt6
+ 0.202531e2xt6.25 + 0.0190476e2xt7 + · · · .
θ(x, t) θ0(x, t) + θ1(x, t) + θ2(x, t) + · · ·
= e2xt + 1.61009e2xt1.4 + 1.89867e2xt1.8 + 3e2xt2 + 1.10008e2xt2.2
+ 4.96443e2xt2.4 + 0.443373e2xt2.6 + 4.77548e2xt2.8 + 4.66667e2xt3
+ 2.45554e2xt3.2 + 7.11911e2xt3.4 + 0.492637e2xt3.6 + 5.99158e2xt3.8
+ 2.25e2xt4 + 2.33861e2xt4.2 + 3.96782e2xt4.4 + 0.42838e2xt4.6
+ 2.61369e2xt4.8 + 0.783333e2xt5 + 0.791531e2xt5.2 + 1.13207e2xt5.4
+ 0.554454e2xt5.8 + 0.166667e2xt6 + 0.169411e2xt6.4 + 0.0190476e2xt7
+ · · · .
Journal of Algorithms & Computational Technology Vol. 3 No. 4 567
Figure 2. The approximate solutions of function u(x, t) at time t = 0.2 for different β. 
Figure 3. The approximate solutions of function θ(x, t) when t = 0.2 for different β.
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temperature field:
(61)
(62)
where 
For the velocity field, from Eqs. (39) and (40),we have
Then the solution in series form is given by
(63)
For the temperature field, in view of (46), (47), (63) and using Mathematica we
have, when β = 0.5:
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3,
t=
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2)
θ(x, z, t) = θ0(x, z, t) + θ1(x, z, t) + θ2(x, z, t) + · · ·
= 2e2x+2zt + 6.01802e2x+2zt1.5 + 25.093e2x+2zt2 + 50.5514e2x+2zt2.5
+ 111.69e2x+2zt3 + 161.971e2x+2zt3.5 + 210.821e2x+2zt4
+ 220.393e2x+2zt4.5 + 193.053e2x+2zt5 + 135.61e2x+2zt5.5
+ 66.3644e2x+2zt6 + 19.1529e2x+2zt6.5 + 2.4381e2x+2zt7 + · · · .
u(x, z, t)=u0(x, z, t) + u1(x, z, t) + u2(x, z, t) + · · ·
= [1 + 2t +
2t1−β
Γ(2− β) + 2t
2 +
8t2−β
Γ(3− β) +
4t2−2β
Γ(3− 2β) ]e
x+z
+ · · · .
u0(x, z, t) = u(x, z, 0
+) = ex+z,
u1(x, z, t) = J
1
t [(1 + D
β
t )(D
2
x + D
2
z)u0(x, z, t)] = 2[t +
t1−β
Γ(2−β) ]e
x+z,
u2(x, z, t) = J
1
t [(1 + D
β
t )(D
2
x + D
2
z)u1(x, z, t)] = 4[
t2
2
+ 2t
2−β
Γ(3−β) +
t2−2β
Γ(3−2β) ]e
x+z,
...
0 ≤ x ≤ 1, 0 ≤ z ≤ 1, t ≥ 0, 0 < β ≤ 1.
θ(x, z, 0)= 0.
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
distance x
θ(
x,
t)
β=0.5
β=0.6
β=0.75
∂θ(x, z, t)
∂t
=
∂2θ(x, z, t)
∂x2
+
∂2θ(x, z, t)
∂z2
+ [
∂u(x, z, t)
∂x
]2 + [
∂u(x, z, t)
∂z
]2,
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At time t = 0.2, Figure 4 shows different approximate solutions of the velocity
field for different β at z = 0.3, and Figure 5 shows different approximate
solutions of the temperature field for β = 0.5.
Figure 4. The approximate solutions of function u(x, z, t) with t = 0.2, z = 0.3 for
different β.
Figure 5. The approximate solutions of function θ(x, z, t) with t = 0.2, β = 0.5.
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7. CONCLUSIONS
In this paper, the Adomian decomposition method is applied to the Rayleigh-
Stokes problem for a heated generalized second grade fluid. The decomposition
series solutions generally converge rapidly. The Adomian decomposition
method provides highly accurate numerical solutions without discretization of
the problem. The decomposition series can be easily obtained by the software
package Mathematica. The numerical results indicate that this method is
efficient in finding the solutions of the proposed equations. The method can be
used for other types of Rayleigh-Stokes problem.
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